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CDFEHGJI(KLNMPOQGRFSUT?VWOYX[ZIVX]\^VWOYGJOU_`TaV`OQX]Z
b I_`cP_dV`E5GJI5_eX[GJ\FSYIHf^I5_
gihWXajkIHVmlmSUT b OQZ
noTa\F\,X]h`V b Ih`IpeqDFIHhqeqDFIrZs[t]uPv?w:LNx-yHzPhWOYI5ho{a|[|]|LN}]{\~Ta[I5_
1-5H?F]] CDFI \FhWI_kVqT]eq b IH\^VWDGJOY[hWTaV`OQX]Z8Xah`IH~I5eV`OQX]Z_`IHOU_dGJOUe b T?VqTeHT]Z8,I<IHfP\~h`Ip_`_`I b
 OYV`DJVWDFIhqTaGJI  X]hWX]  Tz]IHX]hWGOQZ3z[IHhq_dOQX]Z  T]_iTSYOQZFI5T]hiSQI5T]_dV_W[RTahWI5_\FhWX]FSQIHGADFOQSYI b I~Z~OYZF
VWDFOU_X]\,IHhqT?VWX]h(\FhWI5eOU_`IHSQc  T bFb OYV`OQX]Z~T]SGJT]OYZeqD~T]hWT[eV`I5h`OU_dV`OUeH_ Xa#V`DFIJX[h  Tah b GJX b IHS  SQOQ]I OYVW_DPRF[I
_`OQ¡HI  OYVW_(_`\~Tahq_dOYVkcTaZ b V`DFIJeX[G\,X[_`OYV`OQX]Z  OYV`D8eX]ZPz[X]SQR^V`OQX]ZT]h`I b IVqTaOQSYI b ¢£V I5Z b _¤RF\  OYV`DT1_`Xa
e5TaSQSYI bb OU_`eHh`IHV`IiOQSYSY£\X3_dI b \Fh`X[FSQIHG   DFX[_`IT]e5eI5\^VWT]FSYI#_dX[SYR^VWOYX[Z~_¥DTz]IV`X¤RFZ b I5h`[XmThWIH]R~SQT]h`OQ¡5TaV`OQX]Z
\~h`X^eI b RFhWI]¦¤OYhWI5eV TaZ b O§VWIHhqT?V`OQz]IGIHV`DFX b _¤D~Tz[II5IHZOQGJ\FSYI5GJIHZ3V`I b  O§VWD¨_`\IpeOYeTaVdV`I5Z3V`OQX]ZV`X
VWDFI eX[Z3z[X]SQR^V`OQX]Z  T]Z b V`DFI5Z8T]\F\FSQOYI b X[Z¨VWDFI _`T]GI b TaVWT_dIHV5©(T_`cPZ3V`DFIHV`OUe~O b OQGJIHZ~_`OQX]Z~T]S\Fh`X]~SQI
X]-_`IHZ~_`OQFSYI b OYGJIHZ_dOQX]Z~_  OYV`Dª_`X]GJIT b~b I b ZFX]OU_`I]iCDFIIH« eHOYI5Z~ec  O§VWDhWIH3Tah b VWX<eX]GJ\FRFVWT?VWOYX[Z~TaS
IH¬,X[hdV  _dV`X[hWT]]I(hWI53RFOQh`I5GI5Z3VW_oT]Z b hWIH]R~SQT]h`OQ¡HOQZFJI¬­I5eV¤OU_¤T[_`_`I5_W_dI b xFhWX]G®V`D~I_dVWTaZ b \X[OYZ3VoX]V`DFI
[SYX[~TaS!OYZPz[IHhq_dI\FhWX]~SYI5G  V`D~IIHf3VWhWT I5T?VWRFhWIXai\~h`X?zPO b OYZ~<T1_`X]SQR^V`OQX]ZªVWD~T?V(eHT]ZI b OY¬,I5h`I5Z[VWOQTaV`I b
 OYV`DhWI5_`\IpeVV`X<T\~T]hWT]GJIV`I5h_dR~eqDT]_T]eqP]hWX]RFZ b z]I5SYX^eOYVkc<OU_mTaSU_`X b OU_WeR~_W_dI b 
¯ª°3±­²W³´ ?µ-] SUTahW]Ii_`\~T]hW_`ISYOQZFIpTah¥SQI5T[_kV!_W3R~TahWI5_  ]IHX[\FDPc^_dOUeHT]S b IH\^VWDGJOQ]hqT?V`OQX]Z 5b IpeX]ZPz[X]SQR^V`OQX]Z 
hWIH[RFSUTahWOY¡pT?V`OQX]Z  OQZPz]IHhq_`I¤\FhWX]~SYI5G Fb O§¬­IHhWIHZ3V`OUT?VWOYX[Z ¶ n·¸T]eV`X]hWOQ¡5T?VWOYX[Z  eX[Z?jkRF[TaV`I(]hqT b OYI5Z[Vp
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     Z_`IJ\FSQTHT]Z[V b T]Z~_(SQIJe5T b hWI b IJS OQZ3z[IHhq_dOQX]Z:\~Tah X[h`GJI5_ b  X[Z b I5_  SUTGOQ]hqT?VWOYX[Z
Tz?T]Z[V_dX[GJGJTaV`OQX]Z<IHVIHZ1\~h`X]X]Z b I5RFh b I b X]ZFZ~yHI5_ b I_`OQ_`GJOQ3RFI h`yH~If^OQX]Z<\,IHRFV_ If^\FhWOYGJIHh_`X]R~_#SQT
X[h`GJI b  R~Z1\FhWX]FSQEHGJI TaR^f GJX]OQZ b hWI5_ eHT]h`hWy5_SYOQZFy5T]OYhWI]#IHh`VWT]OYZ~I5_ eHTahqT]eV`y5h`OU_kVWOQ3RFIp_ b I S X]\,yHhqT?VWIHRFh
T[_`_`X^eOQy¤T]RGJX b EHSQI b OYhWI5eV  VWIHSQSYIp_[R~I _WTVWh`Ep_ ]hqTaZ b I¤VWT]OYSQSQI  _`X]ZT[_d\,I5eVeHh`I5R^f<IVSUTJeX]GJ\,X[_`O§VWOYX[Z
Tz[I5eoRFZFI(eX]ZPz[X]SQR^V`OQX]Z b X]OQz]IHZ3VVWh`I \FhWOQ_`I5_#IHZeX[G\FV`I \X[RFheX]ZeIHz[X]OQhRFZTaSQ]X[h`OYV`D~GI b I h`yp_dX[SYR^
VWOYX[Z¥gTah#T]OYSQSQIHRFhq_  SYImV`hWE5_#GJT]RFz?TaOU_eHX]Z b OYV`OQX]Z~ZFIHGJIHZ3V b R<\FhWX]FSQEHGJI b OU_WehWyV`OU_`ymZFy5eHI5_W_dOYV`IoS IHGJ\FSQX]O
b  RFZ~I \Fh`X^eHy b RFhWI b I h`y5]RFSUTahWOU_`TaV`OQX]Z¥¦oIp_GJyV`D~X b I5_ b OQh`IpeVWI5_ b IJ¸T[eV`X[h`OU_WT?V`OQX]Z:IVOYV`y5hWTaV`OQz]I5_ b I
VkcP\,I]hqT b OYI5Z[V1eHX]Z?jkR~]RFy¨_`X]Z3V1GJOU_dIp_<I5ZRFzPh`I  I5Z eX[Z~_WT]ehqTaZ3V RFZFI:T?VdVWIHZ3V`OQX]ZA\Tah`V`OUeRFSQOYE5h`I 
S! OYZ~_`IHh`V`OQX]Z b I SUTªeX[ZPz]X]SQR^VWOYX[Z¥#"mZGHGJIjkI5R b I b X[ZFZFyHIp_  _dcPZ3V`D~yV`OU3RFI b IJVqTaOQSYSQI \IHV`OYV`I<G T]OQ_
b ykj$1_`OQ]ZFOYeHTaV`OQz]IT1yVWy_`yHSQI5eVWOYX[ZFZFy\X[RFh¤GJI5ZFIHh(eIp_oIHfP\,yHhWOQIHZ~eHI5_mZPRFGJy5h`OU3RFI5_5©OYS-I5_dV¤OU_W_dR b  RFZ
\~h`X]~SmFO b OQGI5Z~_`OYX[ZFZFIHS(_`c3Z3VWDFyVWOQ3RFI¨T]R~3RFIHS¤TyVWy:T?jkX[R^V`y b R FhWRFO§Vp&% I«<eHT[eOYV`y b Ip_ b OQz]I5hW_`I5_
GJyHV`DFX b Ip_oIp_kV(GJI5_`RFh`y5I_`X]R~_¤S TaZ~]SQI b R¨eHX('^V b IJeHTaSUeR~S b Rz[X]SQRFGJI b IGJyHGJX]OQhWIZFy5eHI5_W_`T]OYhWI  IV
b IS! IH¬,IHVh`y5]RFSUTahWOQ_WTaZ3Vp ¦¤R:\,X]OQZ3V b IzPRFI b R8\Fh`X[FSQEHGJIOQZPz]IHhq_`I]SQX]TaS[R~IS! X[Z¨z[IHR^V(h`yp_dX[R b hWI
\TahRFZFIGJyVWDFX b I b  X]\^VWOYGJOU_`TaV`OQX]ZSYX^eHT]SYI  S! T]Z~TaSQc^_dI b I5_GJyHV`DFX b Ip_\Fh`X[\X3_dy5I5_T TaR~_W_dO^\,X]h`V`y_`RFhSQT
b O§¬­yHhWIHZ3V`OUTa~SYOYV`y b Ip__dX[SYR^VWOYX[Z~_zPOQ_d)?£z3OU_ b  TaR^VWh`Ip_#\TahqTaGJEVWh`Ip_ b RGJX b E5SYI b OQh`IpeV  V`I5SYSQI(SQTJey5SYy5h`OYV`y
b RGJOQSYOQIHR

* ´ p ² (+   GJX]OQZ b hWI5_e5TahWh`yp_
SQOQZFy5T]OYhWI5_  ]hqTaZ b __dc^_dV`EHGJIp_ehWIHR^f  GJOQ]hqT?V`OQX]ZJTz?TaZ3Vi_dX[GJGJTaV`OQX]Z 
b y5eX[ZPz]X]SQR^VWOYX[Z  hWyH]R~SQT]h`OU_`TaV`OQX]Z  \FhWX]~SYE5GIJOQZPz]IHhq_`I 
b OY¬­yHhWIHZ3V`OUT?VWOYX[Z  ¸T[eV`X[h`OU_WT?V`OQX]Z ¶ n  [hWT b OYI5Z3V
eHX]Z?jkR~]RFy[
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CD~OQ_  X[h`8TaOQGJ_T?VI5ZFD~T]Z~eOQZFX[ZFI XaVWDFI#g " OYZ3V`I5Z~_`OYz[I1_kVWIH\~_XaVWDFI1eX[GJ\FR^VWTaV`OQX]Z~_  TaSQI5O§V
SQOQZFI5T]h  V`D~TaV(T]h`OU_`IOYZ:]I5X]\FDPc^_dOUeHT]S¥\FhWX^eI5_W_`OYZF1XaihWI~IpeV`OQX]Z:_dI5OQ_`GJOQe b T?VqT  Z~TaGJI5SYcV`D~I\FhWI_dVWT]eq
b IH\^VWDªGOQ]hqT?VWOYX[Z10 {aK2Ã¢ZVWDFI~hq_kVo_`I5eV`OQX]ZªX]!VWDFOQ_¤\~T]\I5h   I b Ip_`eHh`OQ,IT \~Tah`V`OUeR~SQT]hhWT]GI  X[h`
X[hFRFOQS b OYZF_`R~eqDTaZX]\,IHhqT?VWX]h  FR^VG TaZPcX]V`DFI5h(X]hWGRFSUT?VWOYX[Z~_eHT]Z:SQI5T b VWXªIf^\FhWI5_W_¤V`DFOU_(X]hWG
X] OQZPz]I5hW_`OYX[Z:Pc¨V`DFI<GJIpTaZ~_X]V`DFI<IHfFT]eV£X]hT]\F\FhWXf^OYG T?VWIm_`X]SQR^V`OQX]ZXamTSQOYZ~I5TahSQI5T[_kV_`3R~T]h`Ip_
\~h`X[FSYI5G30 u#2Ã
8ID~Tz[I(V`DFI5h`IHX]hWI\~T]O b GR~eqDT?V`V`IHZ3VWOYX[ZV`X<VWDFI  Tc1X]i_dX[SYzPOQZFJV`DFOU_¤z]IHhWc1SUTahW]I~R^V _`\~Tahq_`I
T]Z b TaSU_dXOQSQS§eX[Z b OYV`OQX]ZFI b SQOQZFI5T]hiSYIpT]_dVd_`3R~T]h`I\FhWX]~SYI5G-¢Z ]I5X]\FDPc^_`OQe5TaSFTa\~\FSYOUeHTaV`OQX]Z~_   DFI5h`I b T?VWT
T]Z b RFZ~3Z~X  Z<_dIHVW_ TahWImZFXaVWX]hWOYX[R~_`SYcDPRF]I  VWDFIoOU_`_`RFI¤Xa
_`\~Tahq_dOYVkcXaV`D~IoGJOY[hWTaV`OQX]Z X[\I5hWTaV`X]hOQ_#XaÈ
VWIHZZFXaVoeHX]Z~_`O b IHhWI b T]Z b G TaV`hWO§fPÃh`I5I T]SY[X]hWO§VWDFG _ T]h`IeqDFX3_dI5Z  OYV`DFX[R^VmOQZ3z[I5_dV`OQ[TaV`OQZFT]S§VWIHhWZ~T?VWOYz[I
_`X]SQR^VWOYX[Z~_0à{?K2  0 {]t#2  0 42£65mI5z]I5hdVWDFIHSQI5_W_  V`DFIJT]eV`R~T]S!eHX]GJ\FR^VqT?V`OQX]ZªX]V`DFIG T?V`hWOYfT]Z b O§Z~IHI b I b
OYVW_(X[R^Vd£XaÈeX[h`IJ_dV`X]hqTa[IIHfPV`IHZ b VWDFI hWT]ZF]IXaTz?TaOQSQT]FSQIT]SY[X]hWO§VWDFG _H75oT]GI5SYc  X[Z8T_`IVXa_dReqD
\~h`IpeX]GJ\FRFV`I b G T?VWh`OUeIp_  VWDFI  O b IhWT]ZF]I Xa­ZPRFGJIHhWOQe5TaSPIf^\,IHhWOYGJI5Z[Vq_ieX[Z b R~eV`I b OQZV`DFOU_\~T]\I5hiD~T]_
,IHI5ZGJT b IJI5T[_dOQFSQI  X]V`DPc b OQhWI5eVTaZ b OYV`IHhqT?VWOYz[IJGIHV`DFX b _51¢ZT]SYSe5T]_`I5_  Tz[IHhWcSQT]h`[IJh`IpeVd
T]ZF]R~SQT]h98¸X?z]I5h b IHV`I5h`GJOQZFI b : SQOYZFIpTahm_`c^_kVWIHG OU_ V`XJ,I_dX[SYz[I b 3c1SYIpT]_dV_W3R~TahWI5_  FR^VVWDFIRFZ b I5h`SQcPOYZ~
\~D3c^_`OQe5_OQGJ\FSQOYIp_ eqDTahqT]eVWIHhWOQ_dV`OUeIpT?V`R~h`Ip_iVWD~T?VTaZPcJI«<eOQIHZ3VTaSQ]X[h`OYV`DFG _`DFX]R~S b VqTa[IoOQZ[VWXT[eHeHX]RFZ3V5
x-OQhW_dV  V`DFIT?X]hWIHGJI5Z[VWOYX[ZFI b G T?VWh`OUeIp_(IHG,X b cVWDFI1_`OYGRFSUT?V`OQX]Z8X]\,IHhqT?VWX]hX[h_dX]£e5TaSQSYI b:b OQhWI5eV
GJX b I5S  _`X]SQR^VWOYX[ZX]!VWDFI  Tz]I£I53R~TaV`OQX]Z¥©-DFI5Z~eI  O§VmhWI5_`RFSYVW_ hWX]G V`DFI\FhWX b R~eVmXa-V`DFIeHX]ZPz]X[SYRFV`OQX]Z
X[\I5hWTaV`X[h ~RFOYSYV  OYV`DV`DFI_`X]R~hWeHI _`OY[Z~TaSPc VWDFIhWI5_`\X[Z~_dI(X]
V`D~I_dX[OYS­VWX<T¦¤OQhWT[e¤OQGJ\FRFSU_dI[iCDFIHhWI
X[h`I  OYZVWIHhWG _Xao_dV`X[hWT]]I  VWDFOQ_GR~S§VWOY\FSQOUeHT?VWOYX[Z%_`DFX]RFS b ZFX]V,I\,IHh`X]hWGJI b ©  DFOQSYI1V`DFOU_hWIHG T]h`
_dVWT]Z b _[R~O§VWI<X]PzPOYX[R~_`SYc¨X]hOYV`I5hWTaV`OQz]I1_`X]SQz]I5hW_  OYVTaSU_`XªDFX]S b _X[h_`X]GJI b OQhWI5eVTaSQ]X]hWOYV`DFG _5CDFI
z[IHhWc(\XPX]heHX]Z b OYV`OQX]Z~OYZF Xa~V`DFIeX[ZPz]X]SQR^VWOYX[ZX]\,IHhqT?VWX]heHTahWhWOYIp_
X]V`DFI5h-DTahWGR~S3OQGJ\~T]eVW_5©¥VWDFIh`Ip_dRFSYVd
OQZF<X[\I5hWTaV`X[hOQ_¤_dRF_dIp[R~IHZ3V`SQcGJX[h`IOQSYSYeX]Z b O§VWOYX[ZFI b VWD~TaZVWDFI\~h`X[\~Ta3T?V`OQX]ZXaiT<¦¤OQhWT[eOYGJ\FR~SQ_`I;
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VWDFI(X]h  Tah b GJX b IHS  X]hOQZ~_dVWTaZeI(V`D~I~T]eqP]hWX]R~Z b z]I5SYX^eHO§Vkc[
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V`DFIhWII5eVWOYzPOYVkc * V`XV`DFIX[~_`IHhWz]I bb T?VqT  ;
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   T_dIpeX]Z b RFZFPZFX  Z<~IHS b  O§VWDhWI5_`\,I5eV#V`X  DFOUeqD
I53R~TaV`OQX]Z 8¸t : OU_oD~OY[DFSYcZFX[Z^ÃSQOQZFI5T]h55oIHZ~eHI  V`DFI5h`IIf^OU_kVq_oT ZFX[ZSQOYZFIpTah b IH\,IHZ b IHZ~eHcX]V`DFI
GJX b IHSQSYOQZF X]\,IHhqT?VWX]h  OYV`Dh`Ip_d\,I5eVV`XV`DFIT]eqP]hWX]RFZ b z]I5SYX^eHO§Vkc­© - , 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8I¤hWI5e5TaSQSYI b V`DFIp_dI _dReHeIp_`_`OQz]ImTa\~\Fh`Xf^OQG T?V`OQX]Z_OYZ1X]h b IHh~hW_dViVWX,Io\FhWI5eHOQ_`I¤T]X[R^ViV`D~IohqTaGJI
 X]hWªOQZ  D~OQeqD8V`D~I<_dX[SYR^VWOYX[Z:OU__`X]RF[D[V  TaZ b _`I5eHX]Z b V`XDFOQ]D~SYOQ]D3VV`D~I OYZ3V`hWOUeHT?VWI eX]GJ\FRFVWT?VWOYX[Z~TaS
_dV`I5\~_ V`DT?VoeX[Z~_dV`OYV`R^VWI(V`DFOU_\FhWX]FSQIHG
 "!    -94 &)(*01 6$@MB4 ->*D@MB94 *<N @(B
¢ZVWDFOQ_i\~Ta\,IHh   I  OQSQSFGJX[_dV`SQcX^eR~_iX]ZV`DFISQOYZ~I5TahOQZPz]I5hW_`OYX[Z¥!CDT?VOQ_V`X_WTc  X]ZeImT ~T]eqP[h`X[RFZ b
z[IHSQX^eOYVkcD~T]_I5IHZI5_dV`OQG T?VWI b X]hO§Vq_(~IHS b z?TaSQRFI<D~T[_,IHIHZT[_`_`RFGJI b DFX  V`DFI1h`IH~I5eV`OQz3OYVkcIHS b
e5TaZ,IhWI5eX?z[IHhWI b #CDFOQ_o\FhWXPeHI5_W_eHT]SYSQI bªb I5\^V`DªGJOQ]hqT?VWOYX[ZPc]I5X]\FDPc^_dOUeOU_dVW_  Z~TaGJIHSQceX]Z_dOU_kVq_OQZ
VWDFI1_`I5T]hWeqD:X]hV`DFI<SQX^eHTaV`OQX]ZTaZ b VWDFI1T]G\~SYOYV`R b I<XaV`D~I<h`IH~I5eV`OQZFªSUTc]IHhq_5lo_O§Vh`Ip_dRFSYVW_OYZT]Z
OQZ3V`I5h`\FhWIVWOYz[IG Ta\8Xa#V`DFI _`RFhWz]IHc[I b _`RF~_`X]OQS  O§VOU_(eX]Z_dO b IHhWI b T]_(TaZ8OQGJT]]OQZFT]SY[X]hWO§VWDFG  TaGJX]Z~
 D~OQeqDV`DFIGJX[_dV¸TaGJX]R_OQ_-VWDFI  (OYhqeqDFDFX]¬<TaSQ]X]hWOYV`DFG  X]SQSQX  OYZF¤V`D~I #SUTaI5h`,X]RFVOQG Ta[OYZF \FhWOYZeOQ\FSYI
X] b OY¬­hWT[eV`OQZFJ\,X]OQZ[Vq_ 0 4#2Ã
oX  I5z]IHh  _`IHz]I5hWT]STaR^VWDFX]hq_70 {]t#2  0 v2  D~Tz[IJ_`DFX  Z:V`DFI SQOQZF¨,IV  IHI5ZT]Z8T]\F\FhWX[T[eqD¨~T[_dI b X[Z
TSYIpT]_dVd_`3R~T]h`IªO b IHZ3VWO§e5T?VWOYX[ZAXaV`D~I¨hWI~IpeV`OQX]Z _`IHOU_`GOUe b TaVWT%3c T  Tz]Iª\FhWX]\Ta[TaV`OQX]Z GJX b IHS
8  Tz[IX[h`G OQZPz]I5hW_`OYX[Z : TaZ b VWDFOU_  (OQhWeqDFD~Xa¬¨GJOQ]hqT?V`OQX]ZX[\I5hWTaV`X]hp¢Z b IHI b VWDFISUT?V`V`IHh TaGJX]R~Z[Vq_V`X
Ip_kVWOYG TaV`I VWDFI1hWI~IpeVWOYzPOYVkc8R~ZFPZFX  ZT?ÈVWIHhVWDFI<hW_dVOYV`I5hWTaV`OQX]ZXamT:eX]ZajkRF[TaV`I<[hWT b OYI5Z3VR~_dOQZF¨T
\~h`X[\I5h \~h`IpeX]Z b O§VWOYX[ZFIHhp
oIHZ~eHI  T  Tz[IX]hWG®OYZPz]I5hW_`OQX]ZeX[Z~_`OQ_dVW_¤OYZ8GJOYZ~OYGJOQ¡HOQZFPc_`X]GJIeHX[_dV¤R~Z~eVWOYX[ZV`D~IZ~X]hWG®X]
VWDFI b OY¬­IHhWIHZ~eHI<IHV  I5IHZIf^\,IHhWOYGJI5Z[VqTaS TaZ b _`OYGRFSQTaV`I bb T?VqTFªM3V`hqTaOQ]D3VdX[h  Tah b SQc  VWDFI<I5R~eSQO b OQT]Z
Z~X]hWG eHT]Z,IeqDFX[_`IHZ 
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 D~IHhWI7<ZFX  _dVWT]Z b _X[hmVWDFIX[~_dI5h`z[I bb TaVWT 8¸GX[h`I5X?z]I5h  T[_V`D~I~T[eq3[h`X[RFZ b OU_o_`RF\F\,X[_`I b V`XI
PZFX  Z  VWDFI b IH\,IHZ b IHZ~eHcX?z]I5h 1  OYSQSI b hWX]\~\I b OQZV`D~IX[SYSQX  OQZF : CDFIJR~_dIXa#XaV`D~IHh(ZFX]hWG _ 
VWDFI  IHOQ]D3V`I b z[IHhq_dOQX]Z~_#Xa-V`D~I%$ ! £ZFX]hWG T]GX[ZFJXaVWDFIHhq_   OQSYS
I b OU_WeR~_W_dI b SUT?VWIHhp
CDFI T]e5[R~OQ_`O§VWOYX[Z\~T]hWT]GIHV`I5hW_ 8¸h`IpeI5OYz[IHhq_  _dD~XaVW_  V`OQGJI b OU_WehWIV`OQ¡5TaV`OQX]Z¥©­VWDFI \Fh`X b ReV!X]^V`DFIV`DFhWIHI
e5Tah b OQZ~TaSU_Xa,V`DFIp_dIm_`IVq_]OQz]Ip_-V`DFI b OYGJIHZ_dOQX]ZJXa,V`D~I b T?VqT_d\T]eI : TaZ b V`D~I~IHS b GJX b IHS~\TahqTaGJIVWIHhq_
8¸GJI5_`D _`OY¡5IT]Z b IHfPV`IHZ3V XaoV`DFIhWI~IpeV`OQzPO§Vkc[h`O b : D~Tz]II5IHZ _dOQ¡HI b  OYV`D hWI5_`\IpeVV`X:V`DFIGJI5T]Z
hWI53RFI5Z~ec1Xa
VWDFI_`IHOU_dGJOUe_dX[RFhWeHI]-¢£VoTaSU_dXSQI5T b _\FRFhW\X3_dI5SYc VWX<TaZX?z]I5h b IHV`I5h`GJOQZFI b \Fh`X[FSQIHG
CDFI_`X]SQR^V`OQX]ZeX[RFS b eX[Z~_`OQ_dV OQZ1~RFOYS b OQZFV`DFI(SQI5T[_kVm_W[RTahWI5_ _dX[SYR^VWOYX[Z  If^\FhWI5_W_dI b Pc ¸T]eV`X[h`OQ¡5Ta
VWOYX[ZT]SY[X]hWO§VWDFG _98 '&)( X]h6C9D : I] ~Pc X[h`GJOQZFV`DFI<ªXPX[h`IHÃgIHZ~h`X3_dI¤\~_dI5R b X]ÃOQZPz]IHhq_`I]©
* - ,+*50 8¸w :
"o\ V`XZ~X   _`R~eqD<T b OQh`IpeV#_`X]SQR^VWOYX[Z D~T]_Z~IHz]I5hi,IHIHZ1\I5hdX[h`GJI b OQZJV`D~OQ_  TcX]hiVWDFOU_i\FhWX]FSQIHG 
G T]OYZFSQcJIpeHT]R~_dIoV`DFI b OQGJIHZ~_`OYX[Z~_ XaVWDFI¤SQOQZFI5T]h#X[\I5hWTaV`X]h _dR~h`[IV`XJ_dI5z]I5hWT]S~GJOYSQSQOYX[Z~_X]
hWX  _V`OQGJI5_
_`IHz[IHhqTaSPDPRFZ b hWI b _Xa­V`D~X]R~_WTaZ b _Xa¥eX[SYRFGJZ~_5CDFImTaSYV`I5h`Z~TaV`OQz]I_`X]SQR^V`OQX]ZJD~T[_ieX[GGJX[ZFSYcI5IHZJ~hq_kV
VWX eHT]_dVV`DFIZ~X]hWGJT]SI53R~TaV`OQX]Z~_98¸_`RF\F\,X[_`OQZF , D~T]_ RFSQS
hqTaZ~ : ©
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VWDFIHZVWXJT]\F\FhWXf^OYG T?VWIoVWDFI_`X]SQR^V`OQX]ZPc,©
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 D~IHhWI  OU_TeHX[T]hW_`ITa\F\FhWXf^OYG TaV`OQX]ZJXaVWDFIoOQZPz]IHhq_`IXa#, @ ,<¢Z V`D~IoG TaZPc  I5OY[D[VWI b X[h`G _VWD~T?V
VWDFOU_#G TaV`hWO§f<eHT]Z VWT]]I  X[ZFI¤e5TaZ Z b VWDFI (OQhqeqDFDFXa¬GJOY[hWTaV`OQX]Z 0 v2£xFX]h OQZ~_kVqTaZ~eHI  OQZ1X]R~h#\FhWIHzPOQX]R~_
 X]hWX]Z  Tz]IHX]hWGrOYZPz]I5hW_`OQX]Z 0 ? v 2   IDTz]I VWT]]IHZ  -	
  , @ ,   " V`XFR~OYS b _dR~eqD T(\FhWI_dVWT]eq
b IH\^VWDGJOQ]hqT?VWOYX[Z1X]\,IHhqT?VWX]hp
MPReqD TeqDFX]OUeIT]GJX]RFZ3VW_<V`XGRFSYV`OQ\FSYcPOQZF  Pc T b OUTa[X]Z~T]SGJTaV`hWO§f   VWDFI¨X[\F\X3_dOYV`IªX]V`DFI
[hWT b OQIHZ3V<Xa rOYZ * - CFCDPR~_  O§VeX]hWhWI5_`\X[Z b _JVWXV`DFI¨~hq_kV1OYV`I5hWTaV`OQX]ZAX]T\FhWI5eX[Z b OYV`OQX]ZFI b
[hWT b OQIHZ3V GJIHV`DFX b 
#X[Z3z[IHhq_dI5SYc  V`DFI_`XaeHT]SYSQI b , 	
+,-)(	)')*+, & eX]Z_dOU_kVq_OYZhWRFZFZFOQZF<_`IHz[IHhqTaS­O§VWIHhqT?VWOYX[Z~_Xa-V`DFI
\~h`IpeX]Z b O§VWOYX[ZFI b eX[Z?jkRF3T?V`I ]hqT b OYI5Z[VX[ZVWDFIZFX]hWG TaS^Ip[RT?V`OQX]Z_dc^_dV`I5GlmSYV`D~X]RF[DJ3RFX]V`I b Pc 0à{at2 
VWDFOU_mTaSQ]X[h`OYV`DFG DT]__`IHS b X]G ,IHI5ZR~_dI b 
¢£V OQ_¤TaSU_dX<T]\F\FSQOYI b OYZT]ZTaSYV`IHhWZ~TaV`IX[h`G X]ZV`D~IV`OQGJIhWI~IpeV`OQzPO§VkcOYZVWDFI)<ªOQ]hqT?VWOYX[Z T[_dI b
C!hqTz]IHSCOYGJI GIHV`DFX b X]¥OYZPz[IHhq_dOQX]Z 0 u#2£ B Z~eIoT b OUTa]X[Z~TaSG T?V`hWOYf  D~T]_#I5IHZ1eqD~X[_`IHZ  THeqD~TaZF[I
X]!z?TahWOUTaFSQIoOQ_m\Fh`X^eHIHI b I b 3c­©
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T]Z b V`DFIeHX[_dV R~Z~eVWOYX[ZX] b I~ZFOYV`OQX]Z>8Ã} : OQ_V`DFI5ZhWIH\~SQT[eI b Pc­©
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0
l®_W[RTahWI_`c3GJGJIVWh`OUe1_`c^_kVWIHG D~T[_V`DFI5ZV`X8,I_`X]SQz]I b PcT:eHX]Z?jkRF3T?VWI1]hqT b OYI5Z[VGJIV`D~X b %lo_
OYVD~Ta\~\I5Z~_ V`XI T\X3_dOYV`OQz]I  FR^V_`IHGJOY b IH~ZFOYV`IJX]\,IHhqT?VWX]h  V`DFIJX]h`V`D~X]]X[Z~TaS-eX[Z?jkRF[TaV`Ih`Ip_dO b R~T]S 
 DK5J  D  DT]_ I5IHZ_`IHSQI5eVWI b X]hOYVW_(hWX]FR~_dV`Z~I5_W_mVWXVWDFOU_eHT]_`I]:I  OQSYShWIVWRFhWZ:SUT?VWIHh V`XV`D~OQ_
T]SY[X]hWO§VWDFG 3RFXaVWI b Pc 0à}2  OYZMPIpeV`OQX]Zª} b I5z]XaVWI b V`XJOYV`IHhqT?VWOYz[I(GIHV`DFX b _5
¢Z b IHI b¥ OQZV`DFOU_m\Ta\,IHh  X]R~hm]X3TaS¥eX[Z~_`OQ_dVW_OQZ~Z b OYZF<V`DFI,I5_dV T]\F\FhWXf^OYG T?VWOYX[Z1X] , *   R~_`OYZF
VWDFI¨GJX3_kVT]\F\FhWX]\FhWOUT?V`IVWX3X[SQ_1XaSQOYZ~I5TahTaSQ]IH~hWT~ CD~OQ_eX]R~S b SQI5T b V`X T]ZFXaVWDFIHhTaSYV`IHhWZ~TaV`IeX3_kV
R~Z~eVWOYX[ZJX]hVWDFIm]SQX]TaS^OQZ3z[IHhq_dI\FhWX]~SYI5G If^\FhWI5_W_`I b  O§VWD h`Ip_d\,I5eVV`X * TaZ b 1 OQZJV`DFIoeHX]ZPz]I5Z3V`OQX]Z~T]S
Ip3R~T?VWOYX[Z 8Ã} : X]h  h`VTaZ b 1 OYZV`D~I  X[h`GRFSQTaV`OQX]Z18Ãv : ©
  19&- 6 ,  19 ,  19 *  *  6 !! % 8¸u :
 D~OQeqD OU_ThWI b R~eHI b SQI5T[_kV_`3R~T]h`Ip_ X[h`GRFSQTaV`OQX]ZAX]V`DFI:ZFX]ZFÃSQOYZ~I5TahOYZPz[IHhq_dOQX]Z¥ CDFI¨OU_W_dRFIp_1X]
eHX]GJ\FR^VqT?VWOYX[Z~TaSIH« eHOYI5Z~ecTaZ b X]T[eHeHRFhWT[ec X]-VWDFII5_dV`OQG T?VWIXa , *  GR~_dVmV`DFI5ZªI_dV`R b OYI b z]I5h`c
e5TahWIRFSQSQc]
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 z]IHZOY,[IHX]\~D3c^_`OQe5TaS3X]h  Tah b GJX b IHSU_TaZ b GJOY[hWTaV`OQX]Z~_-[IHZFI5hWT]SYSQc_kVqTaZ b X[hSYOQZFI5T]hX]\,IHhqT?V`X[hW_  V`D~IHc
T]h`I(R~_`R~T]SYSQc1\FhWX^eIp_`_`I b OYZTJG TaV`hWO§fPÃh`I5I GJX b I[¢Z b I5I b I5T[eqDOQZV`DFI5OYh¤X  ZX[\F\,X[_`O§VWI  Tc  V`DFIp_dI
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X[\I5hWTaV`X[hW_G T]\%z?TahWOQT]FSQI1_d\T]eIp_X]mDPRF]I b OYGJI5Z~_dOQX]Z_  T]Z b GJX[_dVX]ÈV`I5ZV`D~IHcTahWIT]\F\FSQOYI b X]ZFSQc
X[Z~eI  X]ZX]ZFSQc<X[ZFI(z]I5eV`X[h5
¢£VWIHhqT?V`OQz]IJGJOQ]hqT?V`OQX]Z8G Ta[I5_ R~_`I Xa#X[ZFIJX]h  Tah b GJX b IHST]Z b X]ZFIJGJOY[hWTaV`OQX]Z 8ÈVWhWT]Z~_d\,X[_`I b X]h
 IHOQ]D3VWI b V`hqTaZ~_`\X3_dI b X[h  Tah b X]\,IHhqT?V`X[h : \,IHhOYV`I5hWTaV`OQX]Z¥(5mI5z]IHh`V`D~IHSQI5_W_  VWDFII  OQGJ\FSYI5GJIHZ3VWTaV`OQX]Z~_
X]
VWDFOQ_oTaSQ]X]hWOYV`DFG hWIHG T]OYZGJTaV`hWO§fPÃh`I5I]
oX  I5z]IHh  I:\FhWX]\,X[_`IªV`X eX[G\~R^V`I8TaZ b _kVWX]hWIªV`DFIT]eV`R~T]S¤G TaV`hWO§fAXaV`DFI:X]h  T]h b GJX b I5S 
,I5e5TaR~_`IoOYVW__`\~T]hW_`O§VkcJhWIHG TaOQZ~_#z]I5h`cJDFOQ]D¥¢ZC!T]FSYI?  I(_dD~X  V`DFI ~[RFh`Ip_iX[h b O§¬­IHhWIHZ3V\FhWX]FSQIHG
_`OQ¡HI5_5CDFISUTahW]IHh#V`D~I_dOQ¡HI(Xa-V`D~I\Fh`X[FSQIHG  V`DFISQX  IHh V`DFI b IHZ~_`O§Vkc1Xa-V`DFI_`OYGRFSUT?V`OQX]ZG T?VWh`OYf
# 
receivers
 # 
sources 
# time 
samples
# grid 
steps in x
# grid 
steps in z
24 50      100 95 101
3 953 780       0,34%
24 50      100 95 101
3 953 780       0,62%
24 50      100 95 101
      18 312 987   2,88%
24 200    400 245 381
117 513 352   0,07%
24 200    400 245 381
117 513 352   0,07%
24 200    400 245 381
705 079 780   0,39%
24 401    401 842 201
123 536 804   0,02%
24 401    401 842 201
988 294 432   0,15%
Idem, 
convolved 3 859 224          169 242                
Idem, no 
null column 
Idem, 
convolved 
Dirac 
synthetics
Idem, no 
null column
8 286                    
76 817               8 286                    
# nonzeros in B % sparsity
Dirac 
synthetics 120 000             9 595                    
1 920 000          93 345                  
76 817               
comments
Real high 
res., Dirac 3 859 224          169 242                
# rows of B # columns of B
1 920 000          93 219                  
Idem, 
convolved 1 920 000          93 219                  
Problem 
id.
1
1'
1"
3'
2
2'
2"
3
C-Ta~SYI7?]©M^\~Tahq_dOYVkc Xa-V`D~I , G TaV`hWOQeHI5_ X]hm_`X]GJI V`Ip_kVmGJX b I5SQ_5
 "!$#  (91 :5*A47N N 47/2I(9651BC&(9*<1 -?
CD~I1eX[SYRFGJZ~_XaV`D~I1_dOQGR~SQTaV`OQX]ZG T?V`hWOYf , eHX]hWh`Ip_d\,X]Z b VWXªV`DFIz]I5hdVWOQeHI5_X] VWDFI{]¦m£h`IH~I5eV`OQzPO§Vkc
[h`O b D~IHZ~eHIVWDFIV`X]VWTaSZPRFGI5hXaeX[SYRFGJZ~_(OU_ V`D~I\~h`X b R~eVIHV  I5IHZ:V`DFIJZPRFGI5hXa]hWO b _kVWIH\~_
D~X]hWOY¡5X]Z3VWT]SYSQc 8OQZ  : TaZ b z[IHh`V`OUeHTaSQSQc 8OQZ : 
Æê-É¥ÆÈé
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nX  _#Xa , _dVWT]Z b X[hVWDFI_dI5OQ_`GJOQe b T?VqTX]!TGRFS§VWO§ÃV`hqT]eHI¤T]Z b GRFS§VWO§_`DFXaV\FhWXa~SQI  DFIHZeI¤V`DFI5OYh
ZPRFGI5hmTaGJX]R~Z[Vq_V`XJVWDFI\FhWX b R~eVmX]!VWDFIZPRFG,IHhoXa-V`OQGI_WTaGJ\FSQI5_V`OQGIp_V`D~IZ3R~G,IHhmX]!VWhWT[eI5_
8¸h`IpeI5OYz[IHhq_ : VWOYGJI5_V`DFIZPRFG,IHhXam_dD~XaVW_8¸_`X]RFhqeIp_ : ¢ZT]eVWR~TaS _dR~h`z[IHc^_(V`D~I5_`I ~]R~h`Ip_h`X^eq[IVV`X
_`IHz[IHhqTaS­GJOYSQSQOYX[Z~_X]hoFOYSQSQOYX[Z~_  FR^VoR~_`R~T]SYSQc  VWDFIOQZPz]IHhq_`OYX[Z1OU_\I5hdX[h`GJI b X[Zh`Ip_kVWh`OUeVWI bb X]G TaOQZ~_X]
OQZ3V`I5h`Ip_kV  VWDFIHhWIX[h`I OYVOU_TaSQhWI5T b cGJIpTaZFOQZFaR~S­V`X b IHz[IHSQX]\GIHV`DFX b _I5Z3V`OYV`SQI b V`XJD~TaZ b SYI(_`RF~_`IVW_X]
b T?VWTX]-TI  GJOYSQSYOQX]Z_IHZ3V`hWOQI5_5
¢Zª\FhqT]eV`OUeI  V`D~IeX[G\~h`Ip_`_`I b eX[SYR~GZX[h`G TaVmD~T]_,IHI5Z¨eqDFX3_dI5Z1X[hmV`D~OQ_¤_d\~T]hW_`IG T?VWh`OYf , X]
  hWX  _ Pc   eX]SQRFGJZ~_   O§VWD    ZFX]Z^£¡HI5h`X3_H-¢£VoeX[Z~_`OQ_dVW_ Xa 0@?5|#2  0@? 4#2£©
 X]ZFIhWI5T]S 8 b X[RFFSQIm\FhWI5eHOQ_`OYX[Z : z]IpeV`X[h	
oX],SQIHZ~aV`D    eHX]Z3VWT]OYZ~OYZFT]SYS^VWDFIZFX[Z^Ã¡5IHhWX(IHZ3V`hWOYIp_ 
_`e5TaZFZ~I b 3ceX[SYRFGJZ~_ 
 X]ZFIªOQZ3V`I5]IHh z[I5eV`X]h    Xa(SYI5ZFaVWD    eX]Z3VqTaOQZFOYZ~:VWDFIhWX  OQZ b IHf XaTaSQSVWDFIZFX[Z^Ã¡5IHhWX
IHZ3V`hWOQI5_  OYZV`D~I_`T]GI(X[h b I5hT]_,IX]hWI 
 X]ZFIOQZ[VWIH[IHh(z]IpeV`X[h
   Xa   IHZ3VWh`OQI5_  V`DFIJ_`XaeHTaSQSQI b eHX]SQRFGJZ:\,X]OQZ3V`IHh  V`DT?V(\Fh`X?zPO b I5_
V`DFI OQZ b If<OQZ 	
T]Z b     Xa
V`DFI¤~hq_kV IHZ3V`hWcJXa¥I5T[eqD1eX[SYR~GZ  VWDFI SQT[_kVeX]GJ\,X]ZFI5Z3V#,IHOQZF~©

    !   
 z[IHZ·ZFIH[SYIpeV`OQZF%V`DFIeX[SYRFGJZ·\X[OYZ3V`I5h  "#   Pc3V`I5_TahWI:_dV`OQSQS Z~I5eIp_`_WTahWc] lmSYV`DFX[RF]D V`DFI
hWI5T[_dX[Z~_XaVWDFIOQZ^TaV`OQX]ZªXaigh`X[FSYI5G%$'&XaC-Ta~SYI ?  OQSQS!,IIHfP\~SQT]OYZFI b VWDFOU_¤e5T]_`I  X[RFS b hWI53RFOQhWI
??] v7 OQ[T]Pc[VWI5_#V`X<_dV`X[h`I G T?VWh`OYf ,QY
(iIHVX]ZGJX]hWIGJX b Ip_kVeX[Z^~[RFhWTaV`OQX]Z~_  V`D~I GJTaV`hWO§f:~TahWIHSQcªFVq_(OYZhWIH]R~SQT]h(eHX]hWIGJI5GX[h`OQI5_(X]
eHRFhWh`I5Z[VeX[GJ\FR^V`I5hW_5¢£VOU_ V`DPR~_ \FhWIIHhqTa~SYIV`XªT]e5eIp_`_¤h`IpeX[h b _ eX[Z3VWTaOQZFOQZFeX]SQRFGJZ  OQ_`I\FOYIpeIp_¤X]
	
TaZ b     OQZª_dIp3RFIHZ3V`OUTaSGJX b I[
8ImD~Tz[IIf^\I5h`OQIHZeI b VWD~T?ViVWDFImeX[GJ\FR^VWTaV`OQX]Z<T]Z b V`DFIo_dV`X[hWT]]I XaG T?VWh`OYf	
¤OU_­jkR~_dViV  OQeHIoT]_
IHf^\I5Z~_dOQz]IT[_X]ZFIG T?VWh`OYfPÒhWIHIG T?VWh`OYfz]IpeVWX]h\FhWX b R~eV  ,I5eHT]R~_`I X],OYVW__kVWX]hqTa]I#X]Z b OU_d­>mX  IHz[IHh 
VWDFI<VWOYGJIZFIHI b I b X]hJTG T?VWh`OYfPÃz[I5eVWX]h\~h`X b R~eVOU_DTaSYoT]_If^\I5Z~_`OYz[I  IHz[IHZ  DFI5Z%hWI5T b OYZ~ªV`DFI
G TaV`hWO§f X]Z b OU_d  T[_1eX[GJ\~TahWI b V`XV`DFIG TaV`hWO§fPÃh`I5Iªz]IHhq_`OYX[Z¥ oIHZ~eHI   D~IHZFI5z]IHh1GX[h`IVWD~TaZAK
G TaV`hWO§fJz]IpeV`X[hi\FhWX b R~eVq_T]h`IOQZPz]X]SQz]I b  OYV`D~X]R^VTaZPceHX]Z~_`O b IHhqT?V`OQX]Z T]X[R^V _dV`X[hWT]]Ih`Ip3RFOYhWIHGJI5Z[Vq_ 
VWDFI#T[eVWR~TaSPeX[G\~R^VWTaV`OQX]ZX]^V`DFI G T?V`hWOYf_`DFX[RFS b I#\Fh`IHIHhWh`I b TaZ b O§V  X[RFS b T]_`cPG\FV`XaVWOQe5TaSQSYc b OQzPO b I
VWDFI<I5zT]SYRT?V`OQX]Z8VWOYGJI<Pc8{F <X]hWIHX?z]I5h  VWDFOU__dV`hqT?V`I5]c¨T]SYSQX  _ V`X:Ta\F\FSQc:TGR~eqD  O b IHh_WeX[\I X]
SQOQZFI5T]hmTaSQ]X]hWOYV`DFG _#X]hm_`X]SQzPOYZFX]R~hSYIpT]_dV_W3R~TahWI5_ \FhWX]~SYI5G
gihWX]~SYI5G*)>8Ò_dI5IoC-TaFSQI? : OQ_VWT]]I5Z<T]_VWDFIoG T]OYZ<_`RF\F\,X]h`VX[hiV`D~OQ_ _kVWR b c[-¢Z b IHI b O§V OYZPz[X]SQz]I5_T
H_dG T]SYS o{]¦r_dIHV X] b TaVWTV`XJI(G Ta\~\I b X[Z[VWXT_`GJT]SYS­hWI~IpeVWOYzPOYVkc ]hWO b xT]eVWX]hWOY¡pT?VWOYX[Z1TaZ b XaVWDFIHh
X[\I5hWTaV`OQX]Z~_X]Z VWDFOU_ , G T?V`hWOYf  OYV`DeOQhWe5TKGJOQSYSQOYX[Z1ZFX[Z^£¡HIHhWXIHZ3VWh`OQI5_  OYSQSFV OQZ3V`XV`DFI GJIHGJX]hWcX]
T  X]hW^_kVqT?V`OQX]Z  T]Z b O§Voe5TaZID~T]Z b SQI b X]hZPRFGJI5h`OUeHT]S,IHf^\I5h`OQGJIHZ3VW_  OYV`D,+.-/	0-21

x-OQ]RFhWI({ b OU_d\FSUTc^_iVWDFI \~T?V`V`IHhWZ1X]¥V`D~I(_`\~T]hW_`ImG T?VWh`OYf , TaV b O§¬­IHhWIHZ3V_`e5TaSQI5_5-loS§VWDFX]RF[D_`X]GJI
D~X  h`I5\IHV`OYV`OQz]I b RFI VWXVWDFIX]h b I5h`OQZF  V`D~OQ_\T?VdVWIHhWZOU_z]I5h`c OQhWh`I5]RFSUTah  T]Z b1b IH\,IHZ b _mX]ZV`DFI(~T[eq[
[h`X[RFZ b z[IHSQXPeHO§Vkc:~I5S b CDFOU_ b IH\,IHZ b IHZ~eHcOYGJ\FSQOYIp_VWD~T?V  OQZV`DFI\FhWX^eI5_W_X]o_dX[SYzPOQZFªVWDFI[SYX[~TaS
OQZPz]I5hW_`Io\FhWX]~SYI5G  IH«<eOQIHZ3Vm_d\~T]hW_`I¤T]SY[X]hWO§VWDFG _  DFOQeqDR^V`OQSQOY¡5IT_`cPG,X]SQOQeo¸T]eV`X]hWOQ¡5T?VWOYX[Z   OYSQSD~Tz[I
VWXJh`I5h`RFZV`D~OQ_OQZFOYV`OUTaS
_dV`I5\  OYV`DªTJZFI  ~T[eqP]hWX]RFZ b z]I5SYX^eOYVkc z?TaSQRFI]
É!É®ÏFE5òä×G
?{  	 	
6	%
x-OQ]RFhWI{^©
gTaVdVWIHhWZXaPV`DFI _dOQGR~SQTaV`OQX]ZG T?VWh`OYf , Xa^gihWX]FSQIHG ) &"8¸_`c3Z3VWDFIVWOQe5_  OYV`DFX[R^V-eHX]ZPz]X[SYR^VWOYX[Z :
TaV b O§¬­IHhWIHZ3VmSQIHz[IHSU_Xa b IVWT]OYSÃ
 "!   4 -J6$@$B5= +D@?AEC413:5? I(9651B5N
loS§VWDFX]R~]DVWDFOQ_OU_Z~XaVT]ZOU_`_`RFI<X[h_`\~T]hW_`I1eX[GJ\FR^VWTaV`OQX]Z  VWDFI b O§¬­IHhWIHZ~eHI1,IV  IHI5ZgihWX]FSQIHG _ )
T]Z b ) &SQOYIp_1OQZ VWDFI8T[eVWR~TaS¤Z3R~G,IHhXaZFX[Z ZPRFSQS eHX]SQRFGJZ~_T]Z b hWX  _H lmZ I5GJ\^Vkc eX[SYRFGJZ X],GJIpTaZ~_(VWD~T?VVWDFI1eHX]hWh`Ip_d\,X]Z b OYZFz]I5hdVWIf¨X]#VWDFI<hWI~IpeVWOYzPOYVkc]hWO bb XPIp_ZFXaVeHX]Z3V`hWOQFR^V`IJVWXV`DFI
_`OQGRFSUT?VWOYX[ZXamVWDFIh`IpeX[h b I bb T?VqTF¢Z b IHI b¥ V`D~IZPRFGI5hX]mV`OQGJIª_`T]G\~SYIp_,IHOQZFSYOQGJO§VWI b V`DFI
hWII5eVWOYX[ZX]Z%_`X]GJI z]I5hdVWOQeHI5_GJOQ]D3V\~h`X[\~Ta3T?V`IVWX3X:_dSQX  SYc¨X]hI5OYZF8T]eV`R~T]SYSQc¨hWI5eHX]h b I b MPReqD
 SQX[_dV]z[IHh`V`OUeIp_SYOQImX[ZJV`DFIm,X]R~Z b TahWOQI5_X],VWDFIohWII5eVWOYzPOYVkc[h`O b >mX  IHz]I5h  V`DFI5ce5TaZFZFX]V,I  $&$
O b I5Z[VWO§I b ,IX[h`IoV`DFI¤V`hqTz]I5S^V`OQGJI5_ D~Tz]IoI5IHZ1eHX]GJ\FR^VWI b il¤_\FhWIHzPOQX]R~_`SQcGJIHZ3VWOYX[ZFI b V`D~IoVWhWTz[IHSY
VWOYGJI(eX[G\~R^VWTaV`OQX]Z b I5\I5Z b _X[Z1TD~OY[DFSYcJZFX[Z^£SYOQZFI5T]h  Tch`X[G V`DFI z]I5SYX^eOYVkc~IHS b JmI5Z~eI  OYZ1V`DFI
\~h`X^eIp_`_X]!VWDFI[SYX[~TaS¥OQZPz]I5hW_`I(\Fh`X[FSQIHG  DFI5h`I(VWDFIz[IHSQXPeHO§Vkc1~IHS b OU_m_dIpTahqeqDFI b X]h  VWDFISQXPe5T?VWOYX[Z~_ 
D~IHZ~eHI¤VWDFIOQZ b OUeI5_  X]
V`D~I5_`IZ3R~SYS
eHX]SQRFGJZ~__dV`I5T b OQSYc<z?T]h`c[
ADFOQSQIFRFOQS b OYZFVWDFI¨_`OYGRFSUT?V`OQX]Z G T?VWh`OYf ,  X[RFh<TaSQ]X[h`OYV`D~G \FhWXPeHIHI b _ Pc%_WeHTaZ~ZFOYZ~TaSQSV`DFI
z[IHh`V`OUeIp_(Xa V`DFI<hWII5eVWOYzPOYVkc¨[h`O b 8X]hOQZ~_dVWT]Z~eI  OQZV`DFI G TaV`hWO§fPÃh`I5IOQGJ\FSQIHGJIHZ3VWTaV`OQX]Z  V`D~I<G TaOQZ
Æê-É¥ÆÈé
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SQXPX]\8OQ_(~RFOYSYVTahWX]R~Z b VWDFI _dRFGJG T?VWOYX[Z:X?z[IHh V`D~I b X]G TaOQZ; Xa  3R~T?VWOYX[Z 8Òt :+: J¢£VOQ_ VWDPR~_(I5T[_dc
VWX b IVWI5eVmV`DFIIHGJ\^VkceHX]SQRFGJZ~_X] ,  T]Z b V`X \FhWX?zPO b ITJhWIHX[h b IHhWOYZFXa-V`D~IeX[SYRFGJZ~_  DFIHhWI(V`DFIp_dI
SUT?V`V`I5h#TahWI~R_dDFI b V`XV`DFI¤IHZ b x-OQ]RFhWI8Òt : _`DFX  _#Th`IH~I5eV`OQzPO§Vkc~IHS b X[h#gihWX]~SYI5G ) B ZJVWDFIoSQIÈV
_`O b I  OYVOQ_ b OU_`\FSQTc[I b T[_ X]hWOY[OYZ~T]SYSQc<_`IVRF\1X[hm_dcPZ3V`D~IV`OUe _dOQGRFSUT?VWOYX[Z¥ B Z1VWDFI(h`OQ]D3V_dO b I  X]ZFI_`IHI5_
VWDFIo_WTaGJImhWI~IpeVWOYzPOYVkc~I5S b DFX  IHz[IHh\FhWXajkIpeV`I b X]ZJV`D~I b X]G T]OYZ  DFI5h`ImV`DFIoeHX]SQRFGJZ~_iX]#,TahWIZFXaV
I5GJ\^Vkc]CDFI_`RFh`hWX]R~Z b OQZF b X[G TaOQZ<V`DT?VD~T]_ ,IHIHZ  DFOQ\F\,I b X]R^V  OQSYS,V`DPR~_Z~IHz]I5h#,I(h`IpeX?z[IHhWI b OQZ
X[RFhOYZPz[IHhq_dOQX]Z\Fh`X^eHI5_W_  FR^VX[ZFI(GR~_dVh`I5GI5G,IHhVWD~T?VV`D~I_dD~T]\I(X]
V`D~OQ_ZPRFSQS¥_d\T]eI b I5\I5Z b _X[Z
VWDFIoT]eqP]hWX]RFZ b z[IHSQX^eOYVkc~I5S b CD~OQ_ TaGJX]R~Z[Vq_VWXT\FhWXajkIpeVWOYX[Z XaV`D~IohWI~IpeV`OQzPO§VkcJz[I5eVWX]h * iCDFI
ZPRFGI5hXa-V`DFIp_dI(ZPRFSQS
eX[SYR~GZ_I53R~TaSU_ 4[}4[}?£u3{au]w )?5t[|4oX]hgihWX]FSQIHG )
CDPR~_  V`DFIZPRFG,IHh(XaeHX]SQRFGJZ~_¤V`XI b OU_`e5Tah b I b GJOQ]D3V¤z?T]h`cªT<SQXaV ¥b IH\,IHZ b OYZ~1ZFX]V X[ZFSYcX[Z
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Rank deficiency revealed by the distance of the non−zeros to the diagonal.
After a sparse QR on a column reordered matrix (minimum degree).
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Kernel dimension (390) reached
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"Map of conditioning" of the forward model
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Diagonal elements of the R−factor of a pivoted QR on B’B
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diag(|R(B’B)|)
diag(|R(B’C’CB)|)
1.e−11 threshold: r(B’B) = 7792
                      r(B’C’CB) = 7645
1.e−20 threshold: r(B’B) = 7895
                      r(B’C’CB) = 7892
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loX?z[ITaSQS  O§VoGR~_dVmI_dV`hWI5_W_`I b V`D~TaVmV`D~OQ_¤TaSQ]X]hWOYV`DFG OU_  IHSQS!T b Ta\^VWI b X]hoOYZ~_`IHh`V`OQZF<T eHX]ZPz]X]
SQR^VWOYX[ZX[\I5hWTaV`X[h5©
 _kVWIH\ªwIpeX[GIp_H© " - ,   %
     *   $ @ 	   @2 	   2 	 ,   % 
    $ )9;
 _kVWIH\ 4IpeX[GIp_H©   - 21	  ,   %
    $ * ,   %
     *   $  ;
 _kVWIH\1?p{,I5eHX]GJI5_5© *   >  %B $ -   @2 	    @ ,   %
   >   B  $ 
B Z X[RFhiVWI5_dV e5T]_`I  ]IHI5\FOQZFV`D~I¤eX[ZPz]X]SQR^VWOYX[ZOQZ VWDFOQ_ _dVWTa[ImhqT?V`D~IHhiVWD~TaZeX]GJ\FRFV`OQZFV`D~I¤eX[GFOQZFI b
G TaV`hWO§f , 2J_`\I5I b _R~\Pc1tVWDFI(¸T]eV`X]hWOQ¡5T?VWOYX[Z¥
CDFOU_oX]hWG®X]  	 C9DTaSQ]X[h`OYV`D~G D~T[_o,IHI5ZR~_`I b  OYV`D8_dReHeIp_`_oX]ZX[RFh \Fh`X[FSQIHG  O§VWDFX]R^VTaZPc
OQZFOYV`OUTaS¥hWIHX[h b IHhWOYZF
¢£Vm\FhWX?zPO b I5_#V`DFIGJX3_kVm_`OY[ZFO§,eHTaZ3VhWI5_`RFS§Vq__dD~X  ZOQZMPI5eV`OQX]ZK~ vP 5!  47N 6G?AN +D@G?AE   (9B /5@FH4 *A47B? (9*</4 *0N (& ?,* B5I-?A@(9B
CD~I b T?VqT_`IVq_mTahWI(\FhWX b R~eI b Pc VWDFI b OQhWI5eVmGJX b I5S   - , 2=B * -  2=B, B * oX  I5z]I5h  VWXJTz[X]O b
T]ZPcR~Z^X]RFZ b I b X]\^VWOYGJOU_dG  _`X]GJIZFX]OU_dIGR_kV(I T bFb I b V`X_dcPZ3V`D~IV`OUe b T?VqT  OQZ¨X[h b I5hoVWXDTz]IT
hWOQ]D3Vd£D~TaZ b _dO b IV`D~TaV b X3Ip_ZFXaVJI5SYX[ZFVWX¨VWDFIOYG T]]I1X]mV`D~IX[\I5hWTaV`X[h  T]_OQZ hWI5T]SYOYVkc 8hWIHGJOYZ b
VWDFI<OQZ^~RFI5Z~eI1Xa  OQZV`D~I<\I5hdVWRFhW~T?VWOYX[ZT]Z~TaSQc^_dOU_ : CDFI1_`c3Z3VWDFIVWOQe b T?VWTOU_[IHZFI5hWTaV`I b Pc:V`DFI
X[SYSQX  OQZF\~h`X^eI b RFhWI]©
 _dIHV * ; ,IT]OQz]IHZhWI~IpeV`OQzPO§Vkc  V`DFI_WTaGJIT]_ b OQ_`\FSUTc]I b X]Zªx-OY[RFhWI(t ;
 eX[G\~R^V`IZFX[OQ_`IÃhWIHI b T?VqTF©  - , B * ; ;
 eX[G\~R^V`I ZFX]OU_`c b T?VqTF©  - ,&B * ; >  IpT]eqD1eHX]GJ\,X]ZFI5Z[VXaI5OYZFRFZFOYX]hWGJSYc b OQ_dV`hWOY~R^V`I b
OYZVWDFIhWT]ZF]I  * : % : $  OYV`D : -&C 0 C 6 , * ; 6 ! ;
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8  	 C DOQZV  XJ_kVWIH\~_ 
 , 8 ?v : MPIpeaFK } :
5765 6 , * *  , * ; >   6 !6  6 ! - C 0 C 6 , * ; 6 !
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8  	 C DOQZV  XJ_kVWIH\~_ 
 , 8 ?v : MPIpeaFK } :
	         ""    C  =
5;65 6 , * *  *2   2 , * ; >   6 !6  6 ! - C 0 C  6  2 , * ; 6 !
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8  	 C DOQZV  XJ_kVWIH\~_ 
 , 8 ?v : MPIpeaFK } :
5;65 6  2 , * *   2 , * ; >   6 !6  6 ! - C 0 C  6  2 , * ; 6 !
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8  	 C9D0 C> 
M^I5ea~K~ w :
x!OQ]R~h`I 4F©iMP[IVqeqDX]
VWDFI(X]SQSYX  OQZFX]RFh`X]S b ~]R~h`Ip_H
 X]heX]ZPz[X]SQz]I b:b T?VqT  I53RFOQz?TaSQIHZ3V`SQc­©< 2 -  2 B, B * ; >   IpT]eqDeX[G\,X]Z~IHZ3VXaI5OYZF
RFZFOYX]hWGJSYc b OQ_dV`hWOQFR^V`I b OYZV`DFIhqTaZ~]I  * : % : $  OYV`D : - C 0 C  6  2 , * ; 6 ! 
 	 C9D8OU_¤_`IV  O§VWDªV`D~IehWOYV`IHhWOQX]Z¥©         " "    C  =   I5OYZ~eHT]SYSQI b V`DFI +	 X]-VWh`R~Z~eHTaV`OQX]Z T]Z b  I D~Tz]I¤V`hWOQI b V`XJX]\FV`OQGOQ¡HI VWDFI(h`I5Z b IHhWOQZFX]
VWDFIh`IH~I5eV`OQzPO§Vkc 8¸OQ_ * eSQX[_`I¤I5ZFX]R~]D<VWX * ;   : X[Z
OQZ3V`I5]IHhz?TaSQRFIp_Xa  X[ZFSYc[
B Zªx-OY[RFhWI94  V`D~I_d[IVWeqDX]
V`D~IX]SQSYX  OQZF~[RFh`Ip_ OQ_IHf^\FSQT]OYZ~I b nmI5_`RFS§Vq_mTahWI b OU_d\FSUTc]I b X[ZT
X[RFh`X]S b hWT]GI[© X]h ZFX]OU_dIh`I5I¦¤OYhqT]e b T?VWT 8ÈVWX]\SQIÈV : ZFX[OQ_`c¦¤OQhWT[e b T?VqT 8V`X]\¨h`OQ]D3V : Z~X]OU_dcFR^V
 ,-& b I5eHX]ZPz]X[SYz[I b<b TaVWT 8,XaV`V`X[G SQIÈV : ZFX[OQ_`c1eHX]ZPz]X[SYR^VWI bb T?VqT 8¸X]VdVWX]G®h`OQ]D3V : 
CDFIX]VdV`X[G SQIÈV¤hWT]GJIZFIHI b _RFh`V`D~IHhoIHf^\FSQT]Z~T?VWOYX[Z~_5¢Z b I5I b X]ZeI(V`D~IeX[GFOQZFI b X[\I5hWTaV`X[h
OU_ R~_`I b 8  27B , : X]Z~IGJOQ]D3V ,IV`IHGJ\^VWI b V`X\I5hdX[h`GVWDFI b I5eHX]ZPz]X[SYR^VWOYX[Z   , &  ,IX[h`IV`DFI
GJOQ]hqT?VWOYX[Z¥<CDFOU_(hWT]GJI<_dDFX  _ VWDFI hWI5_`RFS§Vq_Xa V`D~OQ__dV`hqT?VWIH[c   OYV`DT b IpeX[Z3z[X]SQR^V`OQX]Z8\,IHh`X]hWGI b
 OYV`DVWDFIH 	 C9DX]!X]\,IHhqT?VWX]h  2FoX  I5z]I5h  OYVmGR~_dVmI\,X]OQZ3V`I b X[R^VV`D~TaV  T][T]OYZ~_dVTaSQSX b~b _H©
  2=B, =  *.-- , *= B* *2 0
¢Z b IHI b V`D~II53R~TaSQOYVkc OQ_¸T]SQ_`I(OYZVWDFIHX[h`c  IpeHTaR_dI[©
/  , =  -0 /   2=21 0
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Dirac data
TPQR on B: # zeros & quasi−zeros = 386
order = 11
20 40 60 80
20
40
60
80
100
Dirac noisy data
TPQR on B: # zeros & quasi−zeros = 386
20 40 60 80
20
40
60
80
100
C+ deconvolved noisy data
TPQR on B: # zeros & quasi−zeros = 386
20 40 60 80
20
40
60
80
100
Raw noisy data
TPQR on Bf: # zeros & quasi−zeros = 387
20 40 60 80
20
40
60
80
100
x-OQ]RFhWI ?5|~©(MPX[SYRFV`OQX]Z~_  OYV`DTaSQGJX[_dVZFXV`hWRFZ~eHTaV`OQX]Z 8  -   X]Z ,®FR^V  - 8X[Z , 2 
b RFIJVWXT~h`IpTa b X  Z1X] 	 C D< C>X]ZZFI5[T?VWOYz[I eHX]SQRFGJZZFX]hWG _ : 
lr_`R^«<eOQIHZ3VmeX[Z b OYV`OQX]Z  X]RFS b ,I(V`DT?V5©
hqTaZF  ,1= ?-AhWT]ZF   2  8 ?5u :
T]Z b  2 RFSYS!hWT]ZF­ 8 ? 4 :
¢Z%\FhWT[eVWOQeHI  X]RFhX]\,IHhqT?VWX]hq_ b XZ~XaVOQZ3V`I5hWT[eVVWD~T?V  Tc[ , h`I5\Fh`Ip_dI5Z3VW_T¨z]IHhWc8X?z]IHh b IHV`IHhWGJOYZ~I b
_`c^_kVWIHG  _`XIp3R~TaSQO§Vkc 8 ?5u : OU_¸T]h#hWX]G I5OYZF hWI5T]SYOQ¡HI b F<ªX]hWIHX?z[IHh  VWDFIR~_`I X]TVWh`RFZeHT?VWI bb I5eHX]Z^
z[X]SQR^V`OQX]ZX[\I5hWTaV`X]h  *2 OQG\~SYOQI5_mV`D~TaV eX[Z b OYV`OQX]Z 8 ? 4 : OQ_¤ZFXaV _`TaV`OU_k~I b  #X]Z_dIp[R~IHZ3V`SQc  V`DFIh`Ip_dRFSYVW_
b OQ_`\FSUTc]I b OYZV`D~IX]VdV`X[G SQIÈV`ÃD~T]Z b eX]hWZFI5hT]h`I If^\,I5eV`I b SYc~T b  DT?V`I5z]I5h#VWDFIX]h b I5h X]
VWh`RFZeHT?
VWOYX[ZX[Z ,<
¢Z VWDFImX[RFheHT]_`I5_  VWDFIohWI5_`RFSYVW_X]^VqTaOQZFI b  OYV`DTz]I5h`cJ_dG T]SYS~V`hWRFZ~eHTaV`OQX]Z 8¸X]h b IHh ??  x-OY[RFh`I)?5| :
T]h`I#FSQRFh`hWI b X]ZVWDFI h`OQZF[I]!CD~OQ_Ta3TaOQZ\FhWX?z]Ip_¥VWD~T?V-V`DFI b OU_WehWIV`I#GJX b IHS^OU_!OQSQS§£\X3_dI b X]ZV`DFI,X]h b IHh
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Dirac data
TPQR on B: # zeros & quasi−zeros = 403
order = 5
20 40 60 80
20
40
60
80
100
Dirac noisy data
TPQR on B: # zeros & quasi−zeros = 403
20 40 60 80
20
40
60
80
100
C+ deconvolved noisy data
TPQR on B: # zeros & quasi−zeros = 403
20 40 60 80
20
40
60
80
100
Raw noisy data
TPQR on Bf: # zeros & quasi−zeros = 431
20 40 60 80
20
40
60
80
100
x-OQ]RFhWI7??[© B \FV`OQGJT]S­V`hWRFZ~e5T?V`OQX]Z18  -  : X]hZ~X]OU_dI hWIHI¦oOQhqT]e b T?VqTF
X]!VWDFIhWI~IpeV`OQzPO§Vkc b X]G T]OYZ¥©OYZ~_`R^«<eOQIHZ3VmOQSYSQRFGJOQZ~T?VWOYX[ZX]V`DFI_`RF^_dX[OYSPc1V`DFIT[eH3RFOU_dOYV`OQX]Z b I5z3OUeI
OU_ V`D~I\FDPcP_`OUeHTaS¥eHX]RFZ3VWIHhW\~Tah`V X]
VWDFOQ_mh`I5GJT]h`­
ADFI5ZX]h b IHh}OQ__dI5SYIpeV`I b 8Òx-OY[RFh`I ?? : ZFX]OU_dIHÒhWIHI b TaVWTOQ_(hWI5eHX?z]I5h`I b T?VOYVW_,I5_dV 8ÈVWX]\SYIHÈVd
DTaZ b eHX]hWZFIHh :  %¥X  IHhX]h b IHhq_  OQSYS[jkR~_dVT bFb OQZ~T]e5eRFhqT]eHcTaSQS,X?z]IHhiV`DFI h`IH~I5eV`OQzPO§Vkc~IHS b 8¸h`I5GI5G,IHh
VWD~T?VG TaV`hWO§f ,OQ_T]\F\FhWXf^OYG T?VWI b T?VTSQX  I5h hqTaZ~  TaZ b VWD~T?VVWDFI b OQGI5Z~_`OYX[Z8X]#VWDFI<ZPRFGJIHhWOUeHTaS
[IHhWZFIHS   DFOUeqDOU_3RFXaVWI b T?VVWDFI(V`X[\X]!IpT]eqD\FSYX]V  SQX][OQe5TaSQSYc OQZ~eHh`IpT]_`I5_  DFIHZX]h b I5h b I5eHh`IpT]_`I5_ : 
loZX[\^V`OQG TaSX[h b I5h#X]{D~T]Z b SQI5_ZFX[OQ_`c b T?VqT  O§VWD1VWDFIZ~TahWhWX  Ip_kV~SYRFhWhWI b h`OQZF]I78,XaVWDh`OQ]D3Vd
DTaZ b _`RFF\~SYX]VW_X]Z%x-OQ]RFhWI ?p{ : 8CD~IHhWI1OU_Z~X:DFX[\I1X]hV`D~I,XaV`V`X]G SQIÈV`ÃDTaZ b _dRF~\FSYX]V   D~IHhWI
b I5eX[ZPz]X]SQR^VWOYX[ZD~T[_,IHIHZ \,IHh`X]hWGJI b V`XPX_`XPX]Z¥CDFI,XaVdVWX]G h`OQ]D3V`ÃD~T]Z b _dRF~\FSYX]V b XPI5_iZFXaVhWIHz[I5T]S
T[_iGR~eqD<OQZ^X]hWG T?V`OQX]Z<T[_VWDFImVWX]\<hWOY[D3Vd£D~TaZ b X[ZFI]©eX[ZPz]X]SQR^VWOYX[ZDT]_iIHf^\IpeV`I b SQchWIHGJX?z[I b \~T]hdVX]
OQZ^X[h`G T?VWOYX[Z¥#DFXPX3_dOQZF  -  OYGJ\FSQOQI5_!V`D~TaV
VWDFI  	 C9D0 C>T]SY[X]hWO§VWDFG eX]R~S b DTz]Ii,IHI5Z_dV`X]\~\I b3RFOYV`IJIpTahWSYc  X]Z~eHI u[{  X]VWDFI<eX[SYRFGJZ~_(X]VWDFI G T?V`hWOYf¨D~Tz]I,IHIHZ:¸T]eV`X[h`OQ¡HI b  lo_eX[SYR~GZ_TahWI
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Dirac data
TPQR on B: # zeros & quasi−zeros = 683
order = 2
20 40 60 80
20
40
60
80
100
Dirac noisy data
TPQR on B: # zeros & quasi−zeros = 683
20 40 60 80
20
40
60
80
100
C+ deconvolved noisy data
TPQR on B: # zeros & quasi−zeros = 683
20 40 60 80
20
40
60
80
100
Raw noisy data
TPQR on Bf: # zeros & quasi−zeros = 1463
20 40 60 80
20
40
60
80
100
x-OQ]RFhWI ?{^© B \^V`OQG TaS!V`hWRFZ~eHTaV`OQX]Z 8  -  : X]h ZFX]OU_`c b TaVWT 8Ò_dR~F\FSQXaVW_¤X]ZVWDFIhWOQ]D3V : 65mX<\~h`X[]hWI5_W_X[h  $&$ b I5eHX]ZPz]X[SYz[I b<b TaVWT 8,XaV`V`X[G SQIÈVd£D~T]Z b _dRF~\FSYX]V : 
OQZ~eHh`IpT]_`OYZF[SYcIf^\,IHZ~_`OQz]IVWXDTaZ b SQI  OQZ:X[RFh(eHT]_`I  V`D~OQ_¤V`D~h`Ip_dDFX[S b eX[RFS b TaSQSYX  VWX_dV`X[\¨T?Vw[}  X]
VWDFI(V`X]VWT]S #g " V`OQGJI]
CDFIX]\FV`OQGJT]SX]h b IHhXamVWh`RFZeHT?VWOYX[Z  X[RFZ b VWX:,I  C  ! OQZ%X[RFhVWI5_dV<eHT]_`I  OU_h`I5SQTaV`I b V`X:V`DFI}  ZFX]OU_`IT b~b I b V`XV`DFI b TaVWTF¢Z b IHI b XaVWDFIHh If^\,IHhWOYGJI5Z[Vq_  O§VWD8TZFX]OU_`ISQIHz]I5SXa6?  SYIpT b VWXT
_`SQOY[D[VWSYcDFOQ]DFI5hoX[\^V`OQG TaS!V`hWRFZ~eHTaV`OQX]ZªX[h b I5h)8  C  !   : oIHZ~eHI   OYV`D¨hWI5T]S b TaVWT  VWDFIhWIHSUT?VWOYz[IZFX]OU_`ISQIHz[IHSiGR~_dVI<Ip_kVWOYG TaV`I b OQZX]h b IHh VWX¨_dIHVRF\TV`hWRFZ~e5T?V`OQX]Z8VWDFh`Ip_dD~X]S b  OYV`DVWDFI<_WTaGJI X]h b IHhX]
G T]]ZFOYV`R b I]
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 
		 		 "!#$&%(')*+,-& t[t
TPQR, order of truncation 10−2
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QR on Tikhonov regularization (α = 10−4, L = L
x
)
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ORTHO−CR + MBTT on raw data, optimal result.
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